. (A) Scheme of the reduction reaction of Fe III protoporphyrin IX dimethyl ester chloride (hemin-Fe III -Cl) to Fe II protoporphyrin IX dimethyl ester chloride (hemin-Fe II -Cl) with 2,3-dimethylhydroquinone (red, 10 eq.) in deuterated chloroform at 25°C. (B) 1 H NMR spectra timecourse for the reaction proton signals of 2,3-dimethylhydroquinone at 6.53 and 2.18 ppm, labeled as red, decreased in intensity, and, concomitantly, proton signals of the oxidized form (ox) at 6.72 and 2.04 ppm, labeled as ox, increased in intensity. Same vertical scale was used in the two sections of the 1 H NMR spectra. Figure S2 . (A) Section of the 1 H-13 C HSQC spectrum of the reaction mixture [Plakortin (3eq.), hemin (1 eq.) and 2,3-dimethylhydroquinone (10 eq.)] after incubation of 15h. (B) Chemical structure of the product 9 (10S), its diasteroisomer (10R) and the product characterized by the presence of two hydroxyls in position C3 and C6 (diol). In (A), characteristic proton and carbon signals of identified products (H9/C9 for 10S and H3/C3 for the diol) are indicated by an arrow. The absence of the H9/C9 cross-peak (indicated by a circle) of the 10R, also known as plakortether C and previously characterized in ref. 31, confirms the formation of only 10S diasteroisomer. A not assigned cross-peak is marked by an asterisk. Figure S4 . NMR spectra used for the proton and carbon assignments of the compound 10. For clarity, bi-dimensional HSQC and HMBC spectra are showed as "strip plot". Typically, along the x axis each strip is centred to the chemical shift value of an individual peak of the compound. Key HMBC cross-peaks detected are indicated on the structure. Overlapped signals are marked by an asterisk.
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Figure S10. 4a-Fe II -heme (orange) complexes used as starting structures for docking studies. A) 4a conformer presenting intra-molecular distance suitable for the 1,4-H shift (cyan) and B) 4a conformer presenting intra-molecular distance suitable for the 1,5-H shift (pink). The molecules are coloured by atom type (O = red; N = blue; Fe = magenta and H = white). The Fe II coordination atoms are labelled. Hydrogens are omitted for sake of clarity, with the exception of those involved as possible partners in the H-shift. Atom numbering refers to the distance between the H-shift possible partners. Iron atom vdW volume is scaled by 50% for clarity of presentation. 
